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ABSTRACT 
 
For decades, the inclusion of activated carbon (AC) adsorption technique through 
filtration has gained significant interest on improvement of indoor air quality (IAQ) 
by reducing level of pollutant. The interest of reseachers in palm shell AC (PSAC) 
keep increase owing to the fact that this material has superior characteristic as 
compared to commercial AC. However, the investigation of PSAC performance for 
air filtration are still limited and no research could be found on relating the effect of 
burner for carbonization on PSAC properties. Therefore, the current research was 
focused on producing PSAC by using new fabricated burner, exploring the effect of 
combination of physical and chemical activation towards PSAC properties and 
investigating of PSAC air filter performance used in Mechanical Ventilation Air 
Conditioning (MVAC) system. Preliminary studies began with IAQ monitoring in 
different building condition. The present data revealed that at certain situation, the 
buildings environment was below than satisfactory level  and required mitigation plan 
by introducing new air filtration media in MVAC system. The best quality of charcoal 
was obtained by Horizontal burner with less fume formation during carbonization 
process compare to other design. The physical properties analysis of palm shell 
charcoal showed the carbonization time (CT) 2 hours gained better charcoal properties 
and highly recommended to continue into the activation process. After the activation 
process, PSAC physical+chemical shows significantly higher pore development, 
surface area and adsorption capacity compare to the other process. The lowest density 
and the highest porosity up to 0.4632 g/cm3 and 7.11% was calculated while the 
highest Iodine number of 1091.05 mg/g and BET surface area of 713.7 m2/g was 
obtained respectively in PSAC physical+chemical. Meanwhile, microstructure and 
composition analysis shows that, PSAC physical+chemical fully produced honeycomb 
form of porosity and comprised of C, O, K and Ca contents for high adsorption 
capacity. The improvement of IAQ in the buildings was achieved with the application 
of PSAC air filter which shows low concentration of CO2 with 302 ppm, CO with 0.4 
ppm , TVOC with 0.1 ppm and PM10 with 0.02mg/m
3 respectively compare to the 
commercial filter. 
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ABSTRAK 
 
Sejak beberapa dekad ini, penggunaan teknik penjerapan menggunakan karbon teraktif 
(AC) telah mendapat perhatian dalam menambahbaik kualiti udara dalaman (IAQ) 
melalui pengurangan tahap bahan cemar. Minat penyelidik terhadap karbon teraktif 
kelapa sawit (PSAC) semakin meningkat berdasarkan fakta ciri-ciri bahan ini yang 
hebat berbanding komersial AC. Walau bagaimanapun, penyiasatan terhadap prestasi 
penapis udara PSAC masih terhad dan tiada penyelidikan ditemui berkaitan dengan 
kesan pembakar melalui pengkarbonan terhadap sifat PSAC. Oleh itu, penyelidikan 
semasa memberi tumpuan kepada menghasilkan PSAC dengan menggunakan 
pembakar yang baru difabrikasi, meneroka kesan gabungan kaedah pengaktifan fizikal 
dan kimia terhadap sifat PSAC dan menyiasat prestasi penapis udara PSAC yang 
digunakan dalam Sistem Pengudaraan Mekanikal (MVAC). Kajian awal bermula 
dengan pemantauan IAQ dalam keadaan bangunan yang berbeza. Data semasa 
mendedahkan bahawa pada keadaan tertentu, persekitaran bangunan berada di bawah 
tahap memuaskan dan memerlukan pelan mitigasi dengan memperkenalkan media 
baru penapis udara bagi sistem MVAC. Kualiti arang terbaik diperolehi oleh pembakar 
mendatar di mana pembentukan asap berkurang semasa proses pengkarbonan 
berbanding dengan rekaan lain. Analisis sifat fizikal arang kelapa sawit menunjukkan 
sifat arang yang lebih baik diperolehi pada waktu pengkarbonan (CT) 2 jam dan 
disarankan untuk proses pengaktifan seterusnya. Selepas proses pengaktifan, PSAC 
yang diaktifkan secara fizikal + kimia  menunjukkan peningkatan struktur liang, 
kawasan permukaan dan kapasiti penyerapan yang lebih tinggi berbanding proses 
pengaktifan lain. Ketumpatan terendah dan keliangan tertinggi 0.4632 g/cm3 dan 
7.11% telah dikira manakala nombor Iodin tertinggi 1091.05 mg/g dan luas permukaan 
BET sebanyak 713.7 m2/g telah diperolehi dalam PSAC fizikal + kimia. Sementara 
itu, analisis mikrostruktur dan komposisi menunjukkan bahawa, PSAC fizikal + kimia 
menghasilkan sepenuhnya keliangan bentuk madu lebah dan komposisinya terdiri 
daripada kandungan C, O, K dan Ca untuk prestasi kapasiti penjerapan yang tinggi. 
Penambahbaikan IAQ di dalam bangunan telah dicapai dengan penggunaan penapis 
udara PSAC dimana menunjukkan kadar penumpuan yang rendah iaitu CO2 dengan 
302 ppm, CO dengan 0.4 ppm, TVOC dengan 0.1 ppm dan PM10 dengan 0.02mg/m3 
berbanding dengan penapis udara komersial. 
PTT
PERPU
STAK
AN TU
NKUT
UNAM
INAH
vii 
 
 
 
TABLE OF CONTENT 
    
 
 
 TITLE  i 
 DECLARATION ii 
 DEDICATION iii 
 ACKNOWLEDGEMENTS iv 
 ABSTRACT  v 
 ABSTRAK vi 
 TABLE OF CONTENT vii 
 LIST OF TABLES xii 
 LIST OF FIGURES xiv 
 LIST OF SYMBOLS AND ABBREVIATION  xix 
   
CHAPTER 1  INTRODUCTION 
 1.1  Background of study 1 
 1.2  Problem statement 4 
 1.3  Research objectives 5 
 1.4  Research scope 5 
 1.5  Significant of research  6 
 1.6  Research gap and novelty 7 
 1.7  Thesis organization 9 
    
CHAPTER 2  LITERATURE REVIEW   
 2.1  Introduction 10 
 2.2 Indoor air pollution 10 
 2.3 System of IAQ 13 
  2.3.1 Maintenance of IAQ by ventilation 13 
  2.3.2 Maintenance of IAQ by adsorption 14 
 2.4 Activated Carbon (AC) 15 
P A
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
viii 
 
  2.4.1     Pore structure of AC 16 
  2.4.2 Preparation of AC 17 
   2.4.2.1 Carbonization 18 
   2.4.2.2 Physical Activation Process 18 
   2.4.2.3 Chemical activation process 19 
   2.4.2.4 Combination of physical and 
chemical activation process 
22 
  2.4.3 Factors Affecting Activated Carbon 
Production 
23 
   2.4.3.1 Raw material 23 
   2.4.3.2 Temperature 24 
   2.4.3.3 Activation time 25 
 2.5 Palm shell Activated Carbon 26 
  2.5.1 Preparation of palm shell AC 28 
 2.6 Air filtration technique 31 
 2.7 Air Filtration by Activated Carbon 33 
 2.8 Burner for carbonization process   36 
  2.8.1 Industrial charcoal burner 37 
  2.8.2 Recent studies of charcoal burner 40 
 2.9 Summary 43 
    
CHAPTER 3  METHODOLOGY 
 3.1  Introduction 44 
 3.2 Research Framework 44 
 3.3  Research preparation   47 
  3.3.1 Raw material 47 
  3.3.2 Chemicals agent 48 
  3.3.3 Research activity and equipment 49 
 3.4 IAQ monitoring setup 51 
  3.4.1 Walkthrough inspection/building checklist 51 
   3.4.1.1 Sampling area for case study 1 51 
 
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
ix 
 
   3.4.1.2 Sampling area for case study 2 53 
   3.4.1.3 Sampling area for case study 3 53 
  3.4.2 Questionnaire 54 
  3.4.3 Area sampling 54 
 3.5 Burner development 57 
 3.6 Production of palm shell AC 60 
  3.6.1 Carbonization 61 
  3.6.2 Activation 61 
 3.7 Characterization and analysis of palm AC 63 
  3.7.1  Moisture content 63 
  3.7.2 Ash content 63 
  3.7.3 Volatile content 64 
  3.7.4 Fixed carbon content 64 
  3.7.5 Density and porosity 64 
 3.8 Scanning electron microscope (SEM) and Energy 
Dispersive Spectroscopy (EDS) 
66 
 3.9 Iodine number analysis 67 
 3.10 BET surface area analysis 68 
 3.11 Palm shell AC air filter development 72 
 3.12 Chamber Room for IAQ monitoring 76 
 3.13 Summary 77 
    
CHAPTER 4  RESULTS AND DISCUSSION 
 4.1 Introduction 78 
 4.2 Preparation and analysis of case study 78 
 4.3 Case study 1 79 
  4.3.1 Introduction of Case study 1 79 
  4.3.2 Results from Case study 1 79 
 4.4 Case study 2 84 
  4.4.1 Introduction of Case study 2 84 
  4.4.2 Results from Case study 2 84 
 4.5 Case study 3 88 
  4.5.1 Introduction of Case study 3 88 
PTTA
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
x 
 
  4.5.2 Results from Case study 3 89 
 4.6 Questionnaire analysis 90 
  4.6.1 Questionnaire results from Academic building 91 
  4.6.2 Questionnaire results from Company A 94 
  4.6.3 Questionnaire results from Company B 98 
  4.6.4 Summary of questionnaire analysis 101 
 4.7 Analysis of new fabricated burner 102 
  4.7.1 Burner development 102 
  4.7.2 Characteristic of charcoal 111 
   4.7.2.1 Moisture content 111 
   4.7.2.2 Ash content 112 
   4.7.2.3 Volatile content 114 
   4.7.2.4 Fixed Carbon Content 116 
   4.7.2.5 Summary of the characteristic of 
palm shell charcoal 
117 
 4.8 Analysis of PSAC 119 
  4.8.1 Density of PSAC samples 119 
  4.8.2 Porosity of PSAC samples 120 
  4.8.3 Iodine number analysis 121 
  4.8.4 BET Surface area Analysis 122 
 4.9 Scanning Electron Microscopy (SEM) and Energy 
Dispersion Spectroscopy (EDS) analysis 
124 
  4.9.1 SEM and EDS of raw material 125 
  4.9.2 SEM and EDS of PSAC chemical 126 
  4.9.3 SEM and EDS of PSAC physical 128 
  4.9.4 SEM and EDS of PSAC physical+chemical 131 
 4.10 Air filter development 133 
  4.10.1 IAQ and dust analysis before PSAC air 
filtration 
134 
  4.10.2 IAQ and dust analysis after PSAC air filtration 137 
 4.11 Summary 141 
      
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xi 
 
CHAPTER 5 CONCLUSION AND RECOMMENDATION   
 5.1 Introduction 142 
 5.2 Conclusion   142 
 5.3 Recommendation 144 
      
REFERENCES 145 
APPENDICES  163 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PTTA
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
xii 
 
 
 
LIST TABLES 
 
 
 
Table No. Item Page 
   
Table 1.1 Summary of previous study of palm shell AC 8 
Table 2.1  List of indoor air contaminants and their acceptable limits 
(ICOP, 2010) 
11 
Table 2.2  List of indoor air contaminants  12 
Table 2.3 Types and applications of Commercial Adsorbents                         15 
Table 2.4 The description of AC 16 
Table 2.5 Chemical agent employed in previous researches 20 
Table 2.6 Production of AC from agro-culture waste 23 
Table 2.7 Chemical analysis of oil palm shell as AC material 27 
Table 2.8 Physiochemical Analysis of Produced AC 27 
Table 2.9 Summary of palm shell AC preparation method 28 
Table 2.10 Recommended minimum filter classes 32 
Table 2.11 Summary of AC precursors used in air filtration 35 
Table 2.12 Production time of kiln 38 
Table 2.13 Pilot rotary kiln parameters 39 
Table 2.14 Advantages and disadvantages of charcoal burner                      41 
Table 2.15 Summary of charcoal burner design 42 
Table 3.1 Research activity and equipment 49 
Table 3.2 Parameters need to be measure for IAQ analysis 55 
Table 3.3 Recommended Minimum Number of Sampling Point for 
Indoor air Quality Assessment 
56 
Table 4.1 The overall data of Case study 1 80 
Table 4.2 The overall data of Case study 3 89 
PTT
PERPU
STAKA
ANTU
NKUT
UN AM
INAH
xiii 
 
Table 4.3 Vertical burner carbonization data 103 
Table 4.4 Horizontal burner carbonization data 105 
Table 4.5 Closed horizontal burner carbonization data 108 
Table 4.6 BET analysis of PSAC samples 122 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xiv 
 
 
 
LIST OF FIGURES 
 
 
 
Figure No. Item Page 
   
Figure 2.1 Adsorption process of AC 16 
Figure 2.2 Pore Size Distributions in Activated Carbon 17 
Figure 2.3 Two-dimensional Representation of Carbon Activation 21 
Figure 2.4 Effect of activation time on properties of activated 25 
Figure 2.5 Palm shell 26 
Figure 2.6 Microstructure of  palm shell AC-scale bar 100µm 30 
Figure 2.7 Four mechanisms of common particle filtration 31 
Figure 2.8 Traditional pit charcoaling of coconut shells 37 
Figure 2.9 (A) Hot tail kilns, (B) Surface kilns, (C) Rectangular kilns, 
(D) Slope kilns, (E) DPC process and (F) CML France 
38 
Figure 2.10 Pilot rotary kiln 39 
Figure 2.11 Drum kiln 40 
Figure 3.1 Research Framework 45 
Figure 3.2 Research flowchart 46 
Figure 3.3 Palm shell at Kilang Sawit Sg. Ambat, Mersing, Johor 47 
Figure 3.4 Potassium hydroxide (KOH) 48 
Figure 3.5 Layout of the academic building 52 
Figure 3.6 Printing room 52 
Figure 3.7 Sampling point 52 
Figure 3.8 Engineering department 53 
Figure 3.9 Sampling point 53 
Figure 3.10 Sampling point at 1.7m 53 
Figure 3.11 Sampling point at machine 53 
Figure 3.12 Layout of production line 54 
Figure 3.13 IAQ measurement apparatus 55 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xv 
 
Figure 3.14 Flow chart of burner fabrication process 58 
Figure 3.15 Selection of process of burner design 59 
Figure 3.16 Flow chart of palm shell AC production 60 
Figure 3.17 Tube furnace 62 
Figure 3.18 Mixing KOH electrolyte 62 
Figure 3.19 Ratio charcoal and chemical 62 
Figure 3.20 Mixing charcoal with electrolyte 62 
Figure 3.21 Mixed charcoal and electrolyte 62 
Figure 3.22 Density and porosity testing machine 65 
Figure 3.23 Flowchart for density and porosity measurement 65 
Figure 3.24 SEM equipment and monitor 66 
Figure 3.25 Flowchart for microstructure and composition investigation 67 
Figure 3.26 Types of adsorption isotherms 70 
Figure 3.27 Types of Adsorption-Desorption Hysteresis Loops 71 
Figure 3.28 Two stage split unit air-conditioning filtration system 72 
Figure 3.29 Common air filter design used for air-conditioning 73 
Figure 3.30 Filter paper with PSAC 73 
Figure 3.31 Pleated process 74 
Figure 3.32 PSAC and non-PSAC air filter 74 
Figure 3.33 Flowchart of developing PSAC air filter 75 
Figure 3.34 Chamber room 77 
Figure 3.35 Technical drawing of chamber room 77 
Figure 4.1 (A) Variation of average relative humidity. (B) Variation of 
average temperature. 
80 
Figure 4.2 Variation of average TVOC. 81 
Figure 4.3 Variation of average respirable particulate matter. 82 
Figure 4.4 Variation of CO2. 83 
Figure 4.5 Variation of CO. 84 
Figure 4.6 Relative Humidity by conventional air filtration 85 
Figure 4.7 Temperature by conventional air filtration 85 
Figure 4.8 CO2 concentration by conventional air filtration. 86 
Figure 4.9 CO concentration by conventional air filtration 86 
Figure 4.10 TVOC concentration by conventional air filtration. 87 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xvi 
 
Figure 4.11 PM10 concentration by conventional air filtration. 87 
Figure 4.12 a) Sex, b) Age and c) Smoking status of the respondents 
from the academic building 
91 
Figure 4.13 Equipment used by the respondents in the academic building 92 
Figure 4.14 Bothered factors experienced by the respondents in the 
academic building 
92 
Figure 4.15 Asthma, sinus and eczema problems of the respondents from 
the academic building 
93 
Figure 4.16 Present symptoms of the respondents from the academic 
building 
94 
Figure 4.17 a) Sex, b) Age and c) Smoking status of the respondents in 
company A 
94 
Figure 4.18 Equipment used by the respondents in company A 95 
Figure 4.19 Bothered factors experienced by the respondents in  
company  A 
96 
Figure 4.20 Asthma, sinus and eczema problem of the respondents in 
company A 
97 
Figure 4.21 Present symptoms of the respondents in company A 97 
Figure 4.22 a) Sex, b) Age and c) Smoking status of the respondents in 
company B 
99 
Figure 4.23 Equipment used by the respondents in company B 99 
Figure 4.24 Bothered factors  experienced by the respondents in 
company B 
99 
Figure 4.25 Asthma, sinus and eczema problem of the respondents in 
company B 
100 
Figure 4.26 Present symptoms of the respondents in company B 100 
Figure 4.27 Vertical burner 102 
Figure 4.28 Vertical burner carbonization process 103 
Figure 4.29 Thermal analysis and carbonization product 104 
Figure 4.30 Technical drawing of vertical burner 104 
Figure 4.31 Horizontal burner carbonization process 105 
Figure 4.32 Horizontal burner 106 
Figure 4.33 Thermal analysis and carbonization product 106 
PTT
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xvii 
 
Figure 4.34 Technical drawing of horizontal burner 107 
Figure 4.35 Carbonization without fume handling system 107 
Figure 4.36 Fume released by absorb into water 108 
Figure 4.37 Closed horizontal burner carbonization process 109 
Figure 4.38 Closed horizontal burner                 109 
Figure 4.39 Thermal analysis and carbonization product 110 
Figure 4.40 Technical drawing of closed horizontal burner 110 
Figure 4.41 Percentage of Moisture Content for palm shell 112 
Figure 4.42 Ash of charcoal 113 
Figure 4.43 Percentage of Ash Content for palm shell 114 
Figure 4.44 Percentage of Volatile Content for palm shell 115 
Figure 4.45 Percentage of Fixed Carbon Content for palm shell 117 
Figure 4.46 Summary physical properties of palm shell charcoal 118 
Figure 4.47 Density analysis of PSAC 119 
Figure 4.48 Porosity analysis of PSAC 120 
Figure 4.49 Iodine number of PSAC 121 
Figure 4.50 N2 adsorption-desorption Isotherm of PSAC physical 123 
Figure 4.51 N2 adsorption-desorption Isotherm of PSAC chemical 123 
Figure 4.52 N2 adsorption-desorption Isotherm of PSAC 
physical+chemical 
124 
Figure 4.53 Raw material 125 
Figure 4.54 Surface structure and composition analysis of PSAC 
chemical (a) Sample 1; (b) Sample 2; (c) Sample 3;            
(d) Sample 4 and (e) Sample 5 
127 
Figure 4.55 Surface structure and composition analysis of PSAC 
physical (a) Sample 1; (b) Sample 2; (c) Sample 3;             
(d) Sample 4 and (e) Sample 5 
130 
Figure 4.56 Surface structure and composition analysis of PSAC 
physical+chemical    (a) Sample 1; (b) Sample 2;                
(c) Sample 3; (d) Sample 4 and (e) Sample 5 
132 
Figure 4.57 PSAC and non-PSAC air filter 133 
Figure 4.58 Relative humidity with conventional air filtration 134 
Figure 4.59 Temperature with conventional air filtration 134 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xviii 
 
Figure 4.60 CO2 concentration with conventional air filtration 135 
Figure 4.61 CO concentration with conventional air filtration 135 
Figure 4.62 TVOC concentration with conventional air filtration 137 
Figure 4.63 PM10 concentration with conventional air filtration 137 
Figure 4.64 Relative humidity after PSAC air filtration 138 
Figure 4.65 Temperature after PSAC air filtration 138 
Figure 4.66 CO2 concentration after PSAC air filtration 139 
Figure 4.67 CO concentration after PSAC air filtration 139 
Figure 4.68 TVOC concentration after PSAC air filtration 140 
Figure 4.69 PM10 concentration after PSAC air filtration 140 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PTTA
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
xix 
 
 
 
LIST OF SYMBOLS AND ABBREVIATION 
 
 
 
PSAC = Palm Shell Activated Carbon 
AC = Activated Carbon 
CT = Carbonization Time 
ACF = Activated Carbon Fibred 
AHU = Air Handing Unit 
BET = Brunauer- Emmett-Teller 
BTX = Benzene, Toluene and Xylene 
0C = Degree celcius  
CO = Carbon Monoxide 
CO2 = Carbon Dioxide 
CIF = Carbon-Impregnated Fiber 
DOE = Department of Environment 
FCU = Fan Cooling Unit 
GAC = Granular Activated Carbon 
g/l = Gram/liter  
H2O = Water 
H3PO4 = Phosphoric Acid 
H2 = Hydrogen 
H2S = Hydrogen Sulfide 
H2SO4 = Sulphuric Acid 
IAQ = Indoor Air Quality 
IDA = Indoor Air 
IUPAC = International Union of Pure and Applied Chemistry 
kHz = Kilo Hertz 
KOH = Potassium Hydroxide 
K2CO3 = Potassium Carbonate 
MVAC = Mechanical Ventilation and Air-Conditioning 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
xx 
 
NaHCO3 = Sodium Bicarbonate 
Na2CO3 = Sodium Carbonate 
NAIs = Negative Air Ions 
NaOH = Sodium Hydroxide 
NOx = Nitrogen Oxides 
NTP = Non-Thermal Plasma 
O3 = Ozon 
ODA = Outdoor Air 
PM = Particulate Matter 
PCO = Photocatalytic oxidation 
SBS = Sick Building Symptom 
SEM = Scanning Electron Microscope 
SO2 = Sulfur Dioxide 
TVOC = Total Volatile Organic Compound 
VOC = Volatile Organic Compound 
XRD = X-Ray Difractrometer 
ZnCl2 = Zinc Chloride 
µm = Micrometer  
   
 
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
  
 
 
 CHAPTER 1  
 
 
 
 
INTRODUCTION 
 
 
This chapter presents the related issues pertaining to focus of the study, Indoor Air 
Quality (IAQ) status in Malaysia which needs to be improved, and the potential of 
exploring Palm Shell Activated Carbon (PSAC) as air filtration media. The limitations 
of previous researches in producing activated carbon as filter media are summarized 
and becomes the motivation for current research in improving the quality of PSAC by 
the activation process as mentioned in the research objectives. This study is significant 
as it helps to contribute in influencing the government, industry and society to improve 
IAQ. The novelty of this study is in terms of the methods employed in producing and 
activating the study process which are different from previous studies. Apart from that, 
Chapter 1 also describes the importance of the study in improving IAQ and the 
techniques generated in solving the problem. 
 
1.1 Background of the Study 
 
In recent years, the proliferation of industrial based company has become the source 
of air pollution problems in Malaysia for either indoor or outdoor environments. As 
confirmed by Md Razak et al., 2013, the influences of human population, Gross 
Domestic Product (GDP) and manufacturing industry are the major contributors of 
pollutant gases in the country. Therefore, it is vital to create a comfortable and healthy 
environment for people to live and work in this modern era (Ismail et al., 2010).  
Demands of fresh, healthy and comfortable indoor environment are 
continuously present since most people spend their time predominantly indoor 
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compared to outdoor (Abechi et al., 2013). Generally, the concentration of indoor air 
contaminant is higher than the outdoor because it is released by human activities, 
building materials, furniture, carpets, paints, cleaning product and etc. (Guieysse et al., 
2008). Volatile organic compound (VOC), carbon monoxide (CO), carbon dioxide 
(CO2), and particulate matter (PM10) are defined as major contributors of indoor air 
contaminants. There are several VOCs in indoor air environment such as BTX 
(benzene, toluene xylene), trichloroethylene and dichloromethane (Das et al., 2004). 
In long term exposure, they may pose various adverse health effects related to human 
respiratory system (such as asthma, throat irritation, and lung cancer), headache, poor 
memory, eyes, nose and also skin irritation (Jo & Chun, 2014 and Eugenija et al. 2009). 
Therefore, the maintenance of the indoor air quality is needed in order to provide 
sustainable and healthy environment (Yoo et al., 2015). The increasing concern 
towards IAQ have generated suitable techniques on mitigating the indoor air 
contaminant which affect people’s health and working performance (Yu et al., 2014 
and Yu et al., 2009). 
There are a number of methods utilized for controlling indoor air pollutant such 
as ventilation and air cleaning method (Kabir & Kim, 2012).  Mechanical Ventilation 
and Air-Conditioning (MVAC) system has been proven effective in reducing indoor 
particulate level. However, the technique does not promise to diminish contaminant 
gases; in fact, it requires more energy consumption (Haghighat et al., 2008). 
Adsorption in bulk separation or purification process has an innovative treatment 
process in environment application and is effective at low concentration level which 
is part per million (ppm). Large adsorption capacity is achieved by employing large 
surface area of the filter material and their performance in both equilibrium and 
kinetics. Air purification through Activated Carbon (AC) adsorption technique is the 
most common air cleaning method, especially for VOC and other polluted gases       
(Das et al., 2004 and Khan & Ghoshal, 2000). This type of adsorption technique can 
improve indoor air quality and reduce cancer risk and non-cancer risk health problems. 
Silica gel, zeolite alumina and AC amongst several adsorption media which are 
commercially available or already existed in the market. However, AC is one of the 
cheapest and popular materials which can be used hundred or thousand times in a broad 
spectrum of applications for a growing range of environmental, industrial, health, and 
safety applications (Cukierman, 2013 and Adedayo et al., 2012). There are many 
advantages of AC such as high carbon content, low ash content, high density, high 
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absorption capacity, dissolving organic ability, chlorine removal capability and can be 
used as a specific application (Adedayo et al., 2012; Onundi et al., 2010;                       
Wan Nik et al., 2006 and Hasan et al., 2013). The other superiority of AC criteria 
include large surface area, numerous pores network as transportation media of 
molecules to the interior and more stable performance in dynamic condition       
(Abechi et al., 2013).  
The development of AC commonly involves high degree temperature from the 
carbonization until activation process. Recently, AC was burned at various 
temperatures using a commercial burner which was unidentified reference to burner 
design (Sidheswaran et al., 2012; Koo et al., 2015 and Anirudhan & Sreekumari, 
2011). In design perception, burner with precise control is needed to ensure the hot gas 
is free of oxygen; otherwise, some of the raw AC is burned instead of being merely 
carbonized. The burner does not frequently release heat and air flows which cause 
overheating of the burner and leads to high volume of ash content and decreasing 
adsorption properties of AC. During combustion of AC’s raw material process, SO2, 
NOx and particulate matter are released contributing to the environmental problems. 
In term of air filter design, production of large amount of granular AC is needed in 
order to be effective in contaminant adsorption. However, most researchers use 
commercially available furnace which is suitable for little amount per unit of space 
occupied for AC’s carbonization.  
Currently, Malaysia is the second world largest exporter of palm oil. Therefore, 
large amount of waste from oil palm parts including palm fiber, palm shell and empty 
fruit bunch is yielded since oil is only extracted from the fruits. Oil palm waste can be 
manipulated to many forms such as organic fertilizer, animal feed, alternative energy 
(fuel) and activated carbon (Martinez et al., 2003 and Cobb et al., 2012). Abdullah & 
Wahid, (2010) suggested an AC that has several base properties such as bulk density 
(0.4-0.47), moisture content (3%), ball-pan hardness (90-95%), ash content (5-7%), 
iodine number (950-1100 mg/g) and pH value (10).  Recently, many studies were 
conducted on the pore development of palm shell activated carbon                                  
(Koo et al., 2015;Nasri et al., 2014; Akpa & Nmegbu, 2014; Hussaro, 2014;              
Chew et al., 2013; Abechi et al., 2013; Ello et al., 2013 and Arami-Niya et al., 2011). 
The pore development on activated carbon can be increased by physical and chemical 
treatments.  
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
4 
 
According to some literature, constant temperature and relative humidity in real 
buildings of various conditions vary significantly between months, seasons and years; 
hence, influences the IAQ (Reed et al., 2008 and Gallego et al., 2013). Meanwhile, 
filters available in the market have not been scientifically evaluated; therefore, real 
VOC contaminants in real life buildings are not yet recorded (Gallego et al., 2013). 
Few other researchers started to investigate activated carbon as an air filter             
(Muala et al., 2014; Jo & Chun, 2014; Son et al., 2011; Haghighat et al., 2008 and 
Chang et al., 2006). However, they utilized conventional activated carbon 
commercially available in the market; hence, facing a common problem which was 
slow inter-particular diffusion. 
 
1.2 Problem Statement  
 
The commonly used mechanical ventilation in indoor environment has significant 
effect on removing particles but not practically suitable on removal gaseous 
contaminant (Haghighat et al., 2008). Therefore, air cleaning technique through 
activated carbon adsorption is the most suitable in diminishing harmful pollutant 
(Khan & Ghoshal, 2000). Recently, sustainable production of AC is needed throughout 
the world for commercial AC consumption and due to its wide applications         
(Roskill, 2014). Hence, low cost precursor such as palm shell is preferred to overcome 
the problem of AC’s feedstock.  
In earlier stages of AC production, high temperature is involved during the 
carbonization process (Abechi et al., 2013). The design of burner is usually made in 
simple which leads to high volume of ash content in charcoal production; hence, 
contributing to damaging environment and inefficient performance                             
(Syred et. al, 2006). Otherwise, previous research shows that, the carbon yield for 
various types of charcoal burner was recorded at 49.9% in average which means half 
of the total carbon inside raw material emitted to the air (Glaser et. al., 2002).  
Therefore, a precise design of burner with fume handling system is needed during 
carbonization process to maintain healthy environment and increase the carbon 
fixation potential (Eurocarb, 2010).  
In order to improve the properties of PSAC, some parameters need to be 
considered during the activation process for air filtration applications (Koo et al., 2015; 
Nasri et al., 2014; Hussaro, 2014 and Ello et al., 2013). Most of PSAC is produced by 
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either physical or chemical activation process and this has been investigated by many 
researchers (Sumathi et al., 2010; Akbar et al., 2013; Chew et al., 2013;                          
Ello et al., 2013; Nasri et al., 2014; Akpa & Nmegbu, 2014 and Hussaro, 2014). Thus, 
the investigation regarding the combination of physical and chemical activation 
methods in PSAC production is quite a challenge to be explored.  
The exploration of AC performance for various air filtration applications such 
as particulate matter, VOC and other pollutant gases filters in different environments 
continues to rise (Muala et al., 2014; Jo & Chun, 2014; Son et al., 2011;                   
Haghighat et al., 2008 and Chang et al., 2006). However, it is limits to commercial 
AC and not for PSAC (Fisk et al., 2013). Therefore, the investigation of PSAC filter 
performance in different indoor environments need to be fully explore particularly its 
effectiveness towards IAQ.     
                         
1.3 Research Objectives 
 
The objectives of the research work reported in this thesis are as follow: 
i. To investigate IAQ status in commercial building and industry for the 
requirements of PSAC air filter in improving IAQ. 
ii. To develop a green technology burner for charcoal production and to produce 
PSAC using physical, chemical and combination of physical and chemical 
methods in granular form in developing the air filter. 
iii. To analyse physical and chemical properties as well as the characteristics of 
PSAC and raw palm shell charcoal.  
iv. To analyze IAQ improvement in commercial building using granular PSAC air 
filter. 
 
1.4 Research Scope 
 
IAQ is very important for human comfort in performing their daily activities. Thus, 
the study focused on burner development and PSAC production.  
i. This study focused on the development of PSAC filtration system located 
inside the air-conditioning system. Data collection was taken before and after 
the implementation of palm shell AC filter.  
PT
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
 REFERENCES 
 
 
Abechi, S.E., Gimba, C.E., Uzairu, A., and Dallatu, Y.A. (2013). Preparation and 
Characterization of Activated Carbon from Palm Kernel Shell by Chemical 
Activation. Research Journal of Chemical Sciences, Vol. 3, No.7, pp. 54-61. 
Abdul Khalil, H. P. S., Jawaid, M., Firoozian, P., Umer, R., Aminul, I., and                  
Md. Ak, H. (2013). Activated Carbon from Various Agricultural Wastes by 
Chemical Activation with KOH: Preparation and Characterization. Journal of 
Biobased Materials and Bioenergy, Vol. 7, pp. 1–7. 
Abdullah, R. and Wahid, M. B. (2010). World palm oil supply, demand, price and 
prospect: Focus on Malaysian and Indonesian palm oil industry. Malaysian 
Palm Oil Board (MPOB). 
ACGIH. (1998). Industrial Ventilation A Manual of Recommended Practice.  23rd 
Edition.  American Conference of Governmental Industrial Hygienists.  
Cincinnati, OH. 
Adam, J. C. (2009). Improved and More Environment Friendly Charcoal Production 
System Using a Low Cost Retort Kiln (Eco-Charcoal). Renewable Energy,   
Vol. 34, pp. 1923–1925. 
Adedayo, I., Inegbenebor, A. O., Boyo, H. I. (2012). Comparison of the Adsorptive 
Capacity of Raw Materials in Making Activated Carbon Filter for Purification 
of Polluted Water for Drinking. ARPN Journal of Science and Technology, 
Vol. 2, No. 9, ISSN 2225-7217. 
Adinata, D., Daud, W.M.A.W., and Kheireddine, M.A. (2007). Preparation and 
characterization of activated carbon from palm shell by chemical activation 
with K2CO3. Bioresource Technology, Vol. 98, pp. 145-149. 
Adriana, O. V., Electo, S.L., Quelbis, R.Q., Ricardo,A.V. and Thalis, P.S.S. Thalis. 
(2014). A new technology for the combined production of charcoal and 
electricity through cogeneration. Biomass and bio energy, 69, pp. 222–240. 
Afrane, A.(2008). The Evolution of the Pore Structure of Coconut Shells during the 
Preparation of Coconut Shell-Based Activated Carbons. Microporous 
Mesoporous Mater, Vol. 112, No. 1-3, pp. 284–290. 
PTTA
PERPU
STAKA
AN TU
NKU T
UNAM
INAH
146 
 
Ahmad, M. A., Herawan, S. G., and Yusof, A. A. (2014). Effect of activation time on 
the Pinang frond based activated carbon for remazol brilliant blue r removal. 
Journal of Mechanical Engineering and Sciences (JMES), Vol. 7,                        
pp. 1085-1093 
Aji, M.M., Gutti, B., and Highina, B.K. (2015).  Production and Characterization of 
Activated Carbon From Groundnut Shell Sourced In Maiduguri. Columban J. 
Life Sci., Vol. 17, No. 1, pp. 18 -24. 
Akbar, R.S., Chew C.M.K., Ismail, N., and Padmesh, T.V.N. (2013). Adsorption of 
Gaseous Pollutants (SO2 and CO) onto Palm Shell Activated Carbon. European 
Research and Educational Collaboration with Asia (EURECA). 
Akpa, J.G., and Nmegbu, C.G.J. (2014). Adsorption of Benzene on Activated Carbon 
from Agricultural Waste Materials. Research Journal of Chemical Sciences, 
Vol. 4(9), pp. 34-40. 
Albroomi, H. I., Elsayed, M.A., Baraka, A., and Abdelmaged, M. A. (2017). Batch 
and ﬁxed-bed adsorption of tartrazine azo-dye onto activated carbon prepared 
from apricot stones. Appl Water Sci, Vol. 7, pp. 2063–2074 
Allwar, Md. Noor, A., and Mohd. Nawi, M. A. (2008). Textural characteristics of 
activated carbons prepared from oil palm shells activated with ZnCl2 and 
pyrolysis under nitrogen and carbon dioxide. J. Phys. Sci.Vol. 19, No. 2, pp. 
93–104. 
Allwar, A., Retno, H., and Is, F. (2017). Effect of Nitric Acid Treatment On Activated 
Carbon Derived From Oil Palm Shell. International Conference on Chemistry, 
Chemical Process and Engineering (IC3PE). 
Al-Swaidan, H.M. and Ahmad,A. (2011). 3rd International Conference on Chemical, 
Biological and Environmental Engineering, ICPBEE, Vol. 20, pp. 25-32. 
Amri, N.B. (2008). Preparation of Activated Carbons from Waste Tyres Char 
Impregnated with Potassium Hydroxide and Carbon Dioxide Gasification. 
Msc. Thesis Submitted to the Department of Chemical Engineering, 
UniversitiSains Malaysia, pp. 13-14. 
Anirudhan, T.S., and Sreekumari,S.S. (2011).  Adsorptive Removal of Heavy Metal 
Ions from Industrial Effluents using Activated Carbon Derived from Waste 
Coconut Buttons. Journal of Environmental Sciences, Vol. 23, No.12, pp. 
1989–1998. 
PTTA
PERPU
STAKA
AN TU
NKUT
UNAM
INAH
147 
 
Antonsson, A. B., Christensson, B., Berge, J., Sjögren, B. (2013).  Fatal Carbon 
Monoxide Intoxication After Acetylene Gas Welding of Pipes. The Annals of 
Occupational Hygiene, Vol. 57, Issue 5, pp. 662–666. 
Arami-Niya, A., Daud, W.M.A.W, and Mjalli, F.S.  (2011). Comparative study of the 
textural characteristics of oil palm shell activated carbon produced by chemical 
and physical activation for methane adsorption. Chem. Eng. Res. Design, 89; 
pp. 657-664. 
ASHRAE. (2012). ASHRAE Handbook 2012, American Society of Heating, 
Refrigerating and Air Conditioning Engineers (Fundamentals). 
ASTM Committee on Standards (2006). American Society for Testing and Materials 
Standard test method of determination of iodine number   of activated carbon. 
BachrunSutrisno, Noni AyuRizka, AnnisaSolichaHidayat and ArifHidaya (2016). 
Preparation and characterization of activated carbon from sugarcane bagasse 
by physical activation with CO2gas. Materials Science and Engineering,       
Vol. 105.  
Bastani, A., Chang, S.L., Haghighat, F., Flaherty, C., Lakdawala, N. (2010). Assessing 
the performance of air cleaning devices – A full-scale test method. Building 
and Environment 45, pp.143–149. 
Bandosz, T.J. (2006). Activated Carbon Surfaces in Environmental Remediation, 
Interface Science and Technology, 7, pp. 3-49. 
Baker, F.S. (1998). Kirk – Othmer Encyclopaedia of Chemical Technology (CD): 
Activated Carbon, John Wiley and Sons, 4th Edition. 
Bansal, R.C., Donnet, J.B., Stoeckli, F., 1988. In: Active Carbon. Marcel Dekker, New 
York. 
Benanti, E., Freda, C., Lorefice, V., Braccio G., and VinoSharma, V.K. (2011). 
Simulation of Olive Pits Pyrolysis in a Rotary Kiln Plant. Thermal Science, 
Vol.15, No.1, pp. 145 – 158. 
Biswas, A., and Mahanta, P. (2013). Design and Experimental Analysis of Furnace for 
The Production of Bamboo Charcoal. International Journal of Mechanical and 
Industrial Engineering, Vol. 3, No. 1, pp. 37-42. 
Catalina, R.C., Moritz, S., Tobias, H., Yannik, R., Birgit, R., and Andrea, K. (2017). 
Influence of the Carbonization Process on Activated Carbon Properties from 
Lignin and Lignin-Rich Biomasses. ACS Sustainable Chemistry & 
Engineering, Vol. 5, No. 9, pp. 222-8233 
PT
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
148 
 
Cecilia, S., Fabiana, S., Cristina, D., Rochel, M. L., Andrea, V., and Karim S. (2008). 
Natural gas storage in microporous carbon obtained from waste of the olive oil 
production. Mat. Res. vol.11, No.4. 
Challoner, A. and Laurence, Gill L. (2014). Indoor/outdoor air pollution relationships 
in ten commercial buildings: PM2.5 and NO2. Building and Environment 80, 
pp. 159 – 173. 
Chambre, A. (2014). Effects of Carbon Filtration Type on Filter Efficiency and 
Efficacy: Granular Loose-Fill vs. Bonded Filters. Air Science Corporation. 
Chang, S.L., Haghighat, F., Farant, J.P., and Talab, B.Y. (2006). Experimental 
Evaluation of the Performance of Gas-Phase Air Filters Using a Dynamic 
Closed-Loop Test System. ASHRAE Transactions, Vol. 112, Part 2. 
Cheong, K.W.D. W.J Yu, Tham K.W, Sekhar S.C and Kosonen R (2006). A Study of 
Perceived Air Quality and Sick Building Syndrome in A Field Environment 
Chamber Served by Displacement Ventilation System in The Tropics. 
Journal of Building and Environment 41: 1530-1539.  
Chew, C.M.K., Akbar, R.S., Ismail, N., and Padmesh, T.V.N. (2013). Removal of 
PM2.5 and PM10 using Palm Shell as Activated Carbon. European Research 
and Educational Collaboration with Asia (EURECA). 
Chen, W., Zhang, J. J. and Zhang, Z. (2005). Performance of Air Cleaners for 
Removing Multiple Volatile Organic Compounds in Indoor Air. ASHRAE 
Transactions: Symposia 
Chingombe, P., Saha, B., and Wakeman, R. J. (2006). Sorption of atrazine on 
conventional and surface modiﬁed activated carbons. J. Colloid Interface Sci, 
Vol. 302, pp. 408–416. 
Cobb, A., Warms, M., Edwin, P. M. and Steven, C. (2012). Low-Tech coconut shell 
activated charcoal production. International Journal for Service Learning in 
Engineering, Vol. 7, No. 1, pp. 93-104, ISSN 1555-9033. 
Cooney, D. O. (1999). Adsorption Design for Wastewater Treatment. First Edn. Lewis. 
Publishers, CRC Press LLC, Boca Raton, Florida. 
Cornelissen, G., Pandit, N. R., Taylor, P., Pandit, B. H., Sparrevik, M., and         
Schmidt, H. P. Emissions and Char Quality of Flame-Curtain "Kon Tiki" 
Kilns for Farmer-Scale Charcoal/Biochar Production. PLOS ONE, 
DOI:10.1371/journal.pone.0154617 
PTTA
PERPU
STAKA
AN TU
NKUT
UN AM
INAH
149 
 
Costa O. A., C. A. Oliveira, P. B., Corradi, V. B., Rocha, C. M., Ladeira, T. P., 
Fernando and Pereira. D. R. (2013). Optimization of Charcoal Production 
through Control of Carbonization Temperatures. Revista Arvore, Vol. 37,    
No. 3, pp. 557-566. 
Cukierman, A. L. (2013). Development and Environmental Applications of Activated 
Carbon Cloths. ISRN Chemical Engineering. 
Cunnington, A. J., and  Hombrey, P. (2002). Breath analysis to detect recent 
exposure to Carbon Monoxide. Postgrad Med J, Vol. 78, pp. 23 - 238 
Das, D., Gaur, V., and Verma, N. (2004). Removal of Volatile Organic Compound by 
Activated Carbon Fiber. Carbon 42, pp. 2949–2962. 
Daud, W.M.A.W., and Ali,W.S.W. (2004). Comparison on pore development of 
activated carbon produced from palm shell and coconut shell. Bioresource 
Technology, 93, pp. 63-69. 
Deng, S. (2006). Sorbent Technology. Encyclopedia of Chemical Processing. Taylor 
& Francis. pp. 2825 – 2845. 
Doris, H. C. T. and Tetsu, K. (2015). Comparative assessment of vernacular passive 
cooling techniques for improving indoor thermal comfort of modern terraced 
houses in hot–humid climate of Malaysia. Solar Energy, 114, pp. 229–258. 
Edelman, L. (2008). Air filtration: Air filter media – an industry evolves. Filtration + 
Separation. 
Edimansyah, B.A., Rusli, B.N., Naing, L., Azwan, B.A, and Aziah, B.D. (2009). 
Indoor Air Quality in an Automotive Assembly Plant in Selangor, Malaysia. 
Southeast Asian Journal Trop Med Public Health, Vol. 40, No. 1. 
El-Hendawy, A.N.A. (2005). Surface and Adsorptive Properties of Carbon Prepared 
from Biomass, Applied Surface Science, 252(2), pp. 287 – 295. 
Ello, A.M., de Souza, L.K.C., Albert, T, et al. (2013) Development of microporous 
carbons for CO2 capture by KOH activation of African palm shells. Journal 
of CO2 Utilization 2, pp. 35–38. 
EN13779. (2007). Ventilation for non-residential buildings-Performance requirements 
for ventilation and room-conditioning systems. (CEN: European Committee 
for Standardization). 
Eugenija,Z., Neil,E.S., Jadranka,M., Jasna,P.C., Jagoda,D.J. and Branka,M.P. (2009). 
Indoor Air Pollution and Effects on Human Health. Periodicum Biologorum 
vol. 111 (1), pp. 37–40 
PTT
PERPU
STAKA
AN TU
NKU T
UNAM
INAH
150 
 
Erdmann, C. A., Steiner, K.C., and Apte, M. G. (2002). Indoor carbon dioxide 
concentrations and sick building syndrome symptoms in the base study 
revisited:  analyses of the 100 building data set.  Proceedings: Indoor Air 
Eurocarb. (2010). Filter media: New process points way forward for activated carbon. 
Filtration+Separation. 
Faber, J., Brodzik, K., Gołda-Kopek, A., Łomankiewicz, D., Nowak, J., and Świątek, 
A. (2014). Comparison of Air Pollution by VOCs inside the Cabins of New 
Vehicles. Environment and Natural Resources Research, Vol. 4, pp. 3. 
Fazlzadeh, M., Rostami, R., Hazrati, S., and Rastgu, A. (2015). Concentrations of 
carbon monoxide in indoor and outdoor air of Ghalyun cafes. Atmospheric 
Pollution Researc,. Vol. 6, Issue 4, pp. 550-555 
Fedel, T. (2012). Air Filters, an Inside Look. HPAC Engineering Journal,     
(November), pp. 20-23. 
Fisk, W. J. (2013) Health benefits of particle filtration. Indoor Air, Vol. 23, No. 2, 
pp.357-368. 
Fisk, W.J. (2006). Sorbent-Based Gas Phase Air Cleaning for VOCs in Commercial 
Buildings. Environmental Energy Technologies Division Indoor 
Environment Department Lawrence Berkeley National Laboratory Berkeley, 
C.A. 
Fisk, W.J., Cohn, S., Destaillats, H., Henzel, V., Sidheswaran, M., Sullivan, P.S. 
(2013). Integrated Technology Air Cleaners (ITAC): Design and Evaluation. 
Environment Department Lawrence Berkeley National Laboratory Berkeley, 
C.A. 
Gallego, E., Roca, F. J., Perales, J. F. and Guardino, X. (2013). Experimental 
evaluation of VOC removal efficiency of a coconut shell activated carbon 
filter for indoor air quality enhancement. Building and Environment, 67,      
pp. 14-25. 
Garba, A., Basri, H., Nasri, N. S., and Isma’il, R. (2016). Synthesis and 
characterization of porous carbon from biomass using KOH and K2CO3 
chemical activation. ARPN Journal of Engineering and Applied Sciences, 
Vol. 11, No. 3, pp. 1613-1617. 
Gauthier, S., Liu, B., Huebner, G., and Shipworth, D. (2015). Investigating the effect 
of CO2 concentration on reported thermal comfort. CISBAT 
PTTA
PERPU
STAKA
AN TU
NKU T
UNAM
INAH
151 
 
Glaser, B., Lehmann, J., and Zech, W. (2002). Ameliorating physical and chemical 
properties of highly weathered soils in the tropics with charcoal – a review. 
Biol Fertil Soils, Vol. 35, pp.219-230. 
Gomma, H., and Fathi, M. (2000). A Simple Charcoal Kiln. ICEHM, pp. 167-174. 
Guieysse,B., Hort,C., Platel, V., Munoz, R., Ondarts, M., and Revah, S. (2008). 
Biological treatment of indoor air for VOC removal: Potential and challenges. 
Biotechnology Advances 26, pp. 398–410. 
Guo, J., and Lua, A.C. (2000). Adsorption of sulfur dioxide onto activated carbons 
prepared from oil-palm shells impregnated with potassium hydroxide. 
Journal of Chemical Technology and Biotechnology 75, pp. 971–976. 
Guo, J. and Lua A.C. (2002). Microporous activated carbons prepared from palm shell 
by thermal activation and their application to sulphur dioxide adsorption. 
Journal of Colloid Interface and Science, Vol. 251, pp. 242–247. 
Guo, J. and Lua, A.C. (2003) Adsorption ofsulphur dioxide onto activated carbon 
prepared from oil-palm shells with and without pre-impregnation. Separation 
and Purification Technology, Vol. 30, pp. 265–273. 
Guo, J., Gui, B., Xiang, S.X., Bao, X.T, Zhang, H.J., and Lua A.C. (2008). Preparation 
of activated carbons by utilizing solid wastes from palm oil processing mills. 
Journal of Porous Material 15, pp. 535–540. 
Gupta, K. N., Roa, N. J., and Agarwal, G.K. (2012). Adsorption of Xylene on Granular 
Activated Carbon in a Packed Bed. International Journal of Scientific & 
Technology Research, Vol. 1, Issue 3, pp. 90 - 93                                      
Haghighat, F., Lee, C.S., Pant, B., Bolourani, G., Lakdawala, N., and Bastani, A. 
(2008). Evaluation of various activated carbons for air cleaning-Towards 
design of immune and sustainable buildings. Atmos Environ 42,              
pp.8176 – 8184. 
Haimour, N.M., and Emeish, S. (2006). Utilization of date stones for production of 
activated carbon using phosphoric acid. Waste Management 26, pp. 51–60. 
Hanum, F., Bani, O., and Wirani, L. I. (2017). Characterization of Activated Carbon 
from Rice Husk by HCl Activation and Its Application for Lead (Pb) Removal 
in Car Battery Wastewater. OP Conf. Ser. Mater. Sci. Eng. 180. 
 
 
PTT
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
152 
 
Hasan, N.H., Said, M.R., and Leman, A.M. (2013). Health effect from Volatile 
Organic Compounds and Useful Tools for Future Prevention: A Review 
International Journal of Environmental Engineering Science and Technology 
Research Vol. 1, No. 2, pp. 28-36. 
Hazourli, S., Ziati, M., and  Hazourli A. (2009). Characterization of activated carbon 
prepared from lignocellulosic natural residue:-Example of date stones-. 
Physics Procedia, Vol. 2, No. 3, pp. 1039-1043. 
Hendra, D. (2007). Pembuatan arang aktif dari limbah pembalakan kayu puspa dengan 
teknologi produksi skala semi pilot. Jurnal Penelitian Hasil Hutan, Vol. 25 
No. 2, pp. 93-107.  
Hendrich, E., Vodegel, S., Koch, M. (2004). Definition of a Standard biomass, 
Retrieved on 28th April 2016 from http://www.renew-
fuel.com/download.php?dl=del_sp2_wp1_2-1-1_05-01-10-13.  
Herawan, S. G., Ahmad, M. A., Putra, A., and Yusof, A. A. (2013). Effect of CO2 
Flow Rate on the Pinang Frond-Based Activated Carbon for Methylene Blue 
Removal. Scientific World Journal.  
Hidayu, A.R. and Muda, N. (2016). Preparation and characterization of impregnated 
activated carbon from palm kernel shell and coconut shell for CO2 capture. 
Procedia Engineering 148, pp. 106 – 113. 
Hinds, W.C. (1998). Aerosol Technology: Properties, Behavior, and Measurement of 
Airborne Particles. Jonh Wiley and Sons, pp. 183-205. 
Hsu, D. J., Huang, H.-L., Chien, C. H.,and  Lim, T-S. (2005). Potential exposure to 
VOCs coused by dry process photocopiers: result from a chamber study. 
Bulletin of Environmental Contaminant and Toxicology, Vol. 75, No. 6,        
pp. 1150-1155.  
Hu, Z., Srinivasan, M.P., Ni, Y. (2001). Novel activation process for preparing highly 
microporous and mesoporous activated carbons. Carbon 39, pp. 877 - 886. 
Hui, T. S., and Ahmad Zaini, M. A. (2015). Potassium hydroxide activation of 
activated carbon: a commentary. Carbon Letters, Vol. 16, No. 4, pp. 275-280. 
Huang, S., Xiong, J., Zhang, Y. (2015). Impact of temperature on the ratio of initial 
emittable concentration to total concentration for formaldehyde in building 
materials: theoretical correlation and validation. Environ. Sci. Technol.         
49: 1537-1544. 
PTT
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
153 
 
Huang, Y., Ho, S. S. H., Lu, Y., Niu, R., Xu, L., Coa, J., and Lee, S. (2015). Removal 
of Indoor Volatile Organic Compounds via Photocatalytic Oxidation: A Short 
Review and Prospect. Molecules, Vol. 21, No. 56, pp. 1-20. 
Hussaro, K. (2014). Preparation of Activated Carbon from Palm Oil Shell By 
Chemical Activation With Na2CO3 And ZnCl2 As Impregnated Agents For 
H2S Adsorption. American Journal of Environmental Sciences 10 (4),           
pp. 336-346. 
Industry Code of Practice on Indoor Air Quality, ICOP-IAQ (2010). Department of 
Occupational Safety and Health, Ministry of Human Resources, Malaysia. 
JKKP DP(S) 127/379/4-39. ISBN: 983201471-3. 
Ismaiel, A. A., Aroua, M. K. and Yusoff, R. (2013). Palm shell activated carbon 
impregnated with task-specific ionic-liquids as a novel adsorbent for the 
removal of mercury from contaminated water. Chemical Engineering 
Journal, 225, pp. 306–314. 
Ismail, S.H, Md. Deros, B. and Leman, A.M. (2010). Indoor Air Quality Issues for 
Non-Industrial Work Place.  
Jo, W.K., and Chun, H.W. (2014). Application of Fibrous Activated Carbon Filter in 
Continuous-Flow Unit for Removal of Volatile Organic Compounds under 
Simulated Indoor Conditions. Aerosol and Air Quality Research, 14,              
pp. 347–354. 
Jun, W.J., Wu, F., Wang, M., Qiu, N., Liang, Y., Fang, S., and Jiang, X. (2010). 
Preparation of Activated Carbon from a Renewable Agricultural Residue of 
Pruning Mulberry Shoot, African Journal of Biotechnology, 9 (19),                 
pp. 2762-2767. 
Jung, C.C., Wu, P.C., Tseng, C.H., and Su, H.J., (2015). Indoor air quality varies with 
ventilation types and working areas in hospitals. Building and Environment 
85, pp. 190 – 195. 
Kabir, E., and Kim, K.H. (2012). A Review of Some Representative Techniques for 
Controlling the Indoor Volatile Organic Compounds. Asian Journal of 
Atmospheric Environment Vol. 6, No. 3, p.137-146. 
Kadiyala, A., Kumar, A., and Vijayan, A. (2010). Study of Occupant Exposure of 
Drivers and Commuters with Temporal Variation of In-Vehicle Pollutant 
Concentrations in Public Transport Buses Operating on Alternative Diesel 
Fuels. The Open Environmental Engineering Journal, Vol. 3, pp. 55-70. 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
154 
 
Kamaraj, M., and Umamaheswari, P. (2017). Preparation and characterization of 
Groundnut shell activated carbon as an efficient adsorbent for the removal of 
Methylene blue dye from aqueous solution with microbiostatic activity. 
JMES, Vol. 8, Issue 6, pp. 2019-2025 
Katsigiannis, A., Noutsopoulos, C., Mantziaras, J., Gioldasi, M.  (2015). Removal of 
emerging pollutants through Granular Activated Carbon. Chemical 
Engineering Journal, 280, pp. 49–57. 
Keuken, M.P.  Moerman, M. M. Voogt, M. Blom, E.P. Weijers, T. Röckmann, U. 
Dusek. (2013). Source contributions to PM2.5 and PM10 at an urban 
background and a street location. Atmospheric Environment, 71, pp. 26-35. 
Khan, A.S.A. (2010). Installation and Operation of Autosorb-L-C-8 for Bet Surface 
Area Measurement of Porous Materials. PINSTECH-221. 
Khan, F.I, and Ghoshal, A.K. (2000). Removal of Volatile Organic Compounds from 
polluted air. Journal of Loss Prevention in the Process Industries 13,              
pp. 527–545. 
Kiurski, J. S., Mari, B. B., Aksentijevi, M., Oros, I. B., Keci, V. S and Kovac, I. M. 
(2013). Indoor air quality investigation from screen printing industry,            
28, 224-231. 
Koo,W.K., Gani,N.A., Shamsuddin, M.S., Subki, N.S. and Sulaiman. (2015). 
Comparison of Wastewater Treatment using Activated Carbon from Bamboo 
and Oil Palm: An Overview. J. Trop. Resour. Sustain. Sci. 3, pp. 54-60. 
Leman, A. M., S. Zakaria, M. N. M. Salleh, N. M. Sunar, D. Feriyanto, and A. A. 
Nazri. (2017).The effect of activation agent on surface morphology, density 
and porosity of palm shell and coconut shell activated carbon. AIP 
Conference Proceedings 1885, 020001.  
Lim, W.C., Srinivasakannan, C., and Balasubramanian, N. (2010). Activated of palm 
shells by phosphoric acid impregnation for high yielding activated carbon. 
Journal of Analytical and Applied Pyrolysis 88, pp. 181–186. 
Lopez-Hilfiker,F.D., Mohr, C., Ehn, M., Rubach, F., Kleist, E., Wildt, J.,Mentel, Th. 
F., Lutz, and Hallquist, (2014). A novel method for online analysis of gas and 
particle composition: description and evaluation of a Filter Inlet for Gases and 
Aerosols (FIGAERO). Atmos. Meas. Tech., Vol. 7, pp. 983–1001. 
 
PTT
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
155 
 
Malik, R., Ramteke, D.S., and Wate, S.R. (2006). Physico-Chemical and Surface 
Characterisation of Adsorbents Prepared from Groundnut Shell by Zinc 
Chloride Activation, Indian Journal of Chemical Technology, 13,                     
pp. 319-328 
Maryam, Z., Hazrin, A. H., Hizrri, A., Norhidayah, A., Samsuddin, N.,                       
Mohd Shukri, M.A. (2018). Association of Particulate Matter (Pm) With 
Respiratory Symptoms among Children In Selected Primary Schools In 
Pahang. Journal CleanWAS, Vol. 2, No. 1, pp. 11-15 
Moreno-piraján, J. C., and Giraldo, L. (2012). Study of Activated Carbons by Pyrolysis 
of Mangifera Indica Seed (Mango) in Presence of Sodium and Potassium 
Hydroxide. E-Journal of Chemistry, Vol. 9, No. 2, pp. 780 – 785. 
Marsh, H. and Rodriguez, R.F. (2006). Activated Carbon, Elsevier Science and 
Technology Books, pp. 7, 15, 322-378. 
Martinez, M. L., Moiranghi, L., Agnese, M. and Guzman, C. (2003). Making and some 
properties of activated carbon produced from agricultural industrial residues 
from Argentina. The Journal of the Argentine Chemical Society, Vol. 91,     
pp. 103. 
Matela, D. (2008). An Inside Look at Air-Filter Selection. HPAC Engineering Journal. 
Maulina, S. and Iriansyah, M. (2018). Characteristics of activated carbon resulted from 
pyrolysis of the oil palm fronds powder. Materials Science and Engineering 
309 
Md Razak, M. I., Ahmad, I., Bujang, I., Talib, A, H. and Ibrahim, Z. (2013). 
Economics of Air Pollution in Malaysia. International Journal of Humanities 
and Social Science, Vol. 3, No. 13. 
Mohddin, S. A., and Aminuddin, N. M. (2014). The exposure assessment of airborne 
particulates matter (PM10 & PM2.5) towards building occupants: A case 
study at KL Sentral, Kuala Lumpur, Malaysia. Earth and Environmental 
Science, Vol. 18. 
Mohd Iqbaldin, M. N., Khudzir, I., Mohd Azlan, M. I., Zaidi, A. G., Surani, B., and 
Zubri, Z. (2013). Properties of coconut shell activated carbon. Journal of 
Tropical Forest Science, Vol. 25, No. 4, pp. 497–503. 
 
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
156 
 
Muller, C.O., and Middlebrooks, M.C. (2001). Application and evaluation of a new 
dry-scrubbing chemical filtration media. Paper 42, Proceedings of the Air and  
Waste Management Association 94th Annual Meeting and Exhibition, June 
24-28, Orlando, CA 
Muala, A., Sehlstedt, M., Bion, A., Osterlund, C., Bosson, J.A., Behndig, A.F., 
Pourazar, J., Bucht, A., Boman, C., Mudway, I.S., Langrish, J.P., Couderc, 
S., Blomberg, A., and Sandström. (2014). Assessment of the capacity of 
vehicle cabin air inlet filters to reduce diesel exhaust-induced symptoms in 
human volunteers. Environ Health, Vol. 13(1):16.  
Nasri, N.S., Hamza, U.D., Ismail, S.N., Murtala, M.A., and Mohsin, R.  (2014). 
Assessment of porous carbons derived from sustainable palm solid waste for 
carbon dioxide capture. Journal of CO2 Utilization, Vol. 71, pp. 148–157. 
Nazri, A.A., Ab Majid, S., Zakaria, S., and Sulaiman, S.A. (2013). A Study on IAQ in 
a Welding Laboratory. Applied Mechanics and Materials, Vol. 393,                 
pp. 947-952. 
Norhidayah, A., Kuang, L.C., Azhar, M.K. and Nurulwahida, S. (2013). Indoor Air 
Quality and Sick Building Syndrome in Three Selected Buildings. Procedia 
Engineering, Vo. 53, pp. 93 – 98. 
Okman, I., Karagöz, S., Tay, T., and Erdem, M. (2014). Activated carbons from grape 
seeds by chemical activation with potassium carbonate and potassium 
hydroxide. Appl Surf Sci, Vol. 293, pp. 138 
Onundi, Y.B., Mamun, A.A., Al Khatib, M.F., and Ahmed, Y.M. (2010). Adsorption 
of Copper, Nickel and Lead Ions from Synthetic Semiconductor Industrial 
Wastewater by Palm Shell Activated Carbon. Int. J. Environ. Sci. Tech., 7 (4), 
pp. 751-758. 
Ortiz, O.A., Noriega, S. E.,Mengual. C.A., and Martínez N.D.  (2003). Steady State 
Simulation of a Rotary Kiln for Charcoal Activation. Latin American Applied 
Research,Vol. 33, pp. 51-57. 
Pak, S.H., Jeon, M. J., and Jeon, Y.W.  (2016). Study of sulfuric acid treatment of 
activated carbon used to enhance mixed VOC removal. International 
Biodeterioration & Biodegradation, Vol. 113, pp. 195-200. 
Patil, B. S., and Kulkarni, K. S. (2012). Development of high surface area activated 
Carbon from waste material. International Journal of Advanced Engineering 
Research and Studies, Vol. 1, Issues II, pp. 109-113. 
PTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
157 
 
Ponni, M., and Baskar, R. (2014). A Study on Indoor Temperature and Comfort 
Temperature. International Journal of Engineering Science Invention,          
vol. 4, Issues 3, pp. 7–14. 
Radaideh, J.A., Alazba, A.A., Amin M.N., ShatnawiZ.N., and Amin M.T. 
Improvement of Indoor Air Quality Using Local Fabricated Activated Carbon 
from Date Stones. Sains Malaysiana, Vol. 45, No. 1, pp. 59–69. 
Reed,C.H., Nabinger, S.J., and Emmerich, S.J. (2008). Characterizing Gaseous Air 
Cleaner Performance in the Field. Building and Environment 43,                      
pp. 368–377. 
Rohizan, N. A., and Abidin E.Z. (2013). Assessment on physical factors of thermal 
comfort, sick building syndrome symptoms and building. International 
Journal of Public Health and Clinical Sciences. Vol. 2, No. 3, pp. 59 - 70 
Rosas, J.M., Bedia, J., Rodriguez-Mirasol, J., and Cordero, T. (2009). Hemp- Derived 
Activated Carbon Fibers by Chemical Activation with Phosphoric Acid. Fuel 
88, pp. 19-26. 
Roskill. (2014). Reports on metals and minerals. In: Activated Carbon: GlobalIndustry 
Markets and Outlook. 9th ed. UK: Roskill Information Services Ltd,                 
pp. 283–285. 
Rugayah, A.F., Astimar, A.A., and Norzita, N. (2014). Preparation and 
characterisation of activated carbon from palm kernel shell by physical 
activation with steam. Journal of Oil Palm Research, Vol. 26, No. 3,                 
pp. 251-264. 
Ruthven, D.M. (1998). Kirk – Othmer Encyclopaedia of Chemical Technology (CD): 
Adsorbents, John Wiley and Sons, 4th Edition. 
Rwayhah, Y. M. N., Hassan, M. L., and Shehata, M. R. (2017). Nanoporous Activated 
Carbon From Olive Stones Wastes. Journal of Scientific & Industrial 
Research, Vol. 76, pp. 725 – 732. 
Salas-Enríquez, B. G., Torres-Huerta, A. M., Conde-Barajas, E.,                                               
Domínguez-Crespo, M. A., Díaz-García, L., de la Luz, M., and               
Negrete-Rodríguez, X. (2016). Activated carbon production from the Guadua 
amplexifolia using a combination of physical and chemical activation. 
Journal of Thermal Analysis and Calorimetry, Vol. 124, Issues 3,                     
pp. 1383–1398 
PTT
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
158 
 
Seader, J.D. and Henley E.J. (2007). Separation Process Principles, Second Edition, 
John Wiley and Sons ,NJ , U.S.A, pages 551-554 16. 
Seppänen, O. (2002). Ventilation, energy and indoor air quality. Proceedings: Indoor 
Air 
Shariff, A., Aziz, N. S. M. and Abdullah, N. (2014). Slow Pyrolysis of Oil Palm Empty 
Fruit Bunches for Biochar Production and Characterization. Journal of 
Physical Science, Vol. 25, No. 2, pp.  97-112. 
Sheet Metal and Air Conditioning Contractors National Association (SMACNA) 
Indoor Air Quality: A System Approach, Third Edition, 1998. 
Shin, H. S., Ahn, Y. C., Lee, J. K., Kang, T. W., Lee, K. G., and Park, H. S. (2005). 
Measurement of indoor air quality for ventilation with the existence of 
occupants in schools.  Proceedings: Indoor Air  
Shrestha, R. M., Yadav, A. P., Pokharel, B. P. and Pradhananga, R. R. (2012). 
Preparation and Characterization of Activated Carbon from 
Lapsi(Choerospondiasaxillaris) Seed Stone by Chemical Activation with 
Phosphoric acid. Research Journal of Chemical Sciences, Vol. 2, No. 10,      
pp. 80-86. 
Sidheswaran, M. A., Destaillats, H., Sullivan, D. P., Cohn, S. and Fisk, W. J. (2012). 
Energy efficient indoor VOC air cleaning with activated carbon fiber (ACF) 
filter. Building and Environment, Vol. 47, pp. 357-367.  
Silvia V., Adriana E., and Ivana P. (2013). Study of Indoor Air Quality in Selected 
Office Building. Proceedings of the 13th International Conference of 
Environmental Science and Technology. 
Sing, K. S. W., everett, D. H., haul, R. A. W., Moscou, L., pierotti, R. A., and 
Rouquerol, J. (1984). Reporting Physisorption data for gas/solid systems with 
Special Reference to the Determination of Surface Area and Porosity. Pure 
& App. Chem., Vol. 57, No. 4, pp. 603—619. 
Son, Y.K., Kang, Y.H., Chung, S.G., Park, H.J., and Kim, J.C. (2011). Efficiency 
Evaluation of Adsorbents for the Removal of VOC and NO2 in an 
Underground Subway Station. Asian Journal of Atmospheric Environment, 
Vol. 5, No. 2, pp.113-120. 
Srinivasakannan, C., and Abu Bakar, M.Z. (2004). Production of activated carbon 
from rubber wood sawdust. Biomass and Bioenergy, Vol. 27, pp. 89-96. 
PTTA
PERPU
STAKA
ANTU
NKU T
UNAM
INAH
159 
 
Strand, G. (2001), Activated Carbon for Purification of alcohol, Malmoe, Sweden. 
Retrieved from http://homedistiller.org/activated_book1.pdf on 17th January 
2012. 
Sulaiman, R., Kamaruzzaman, S.N., Rao, S. P., and Pitt, M. (2011). The 
Environmental Performance of Air Conditioning Systems in Heritage 
Buildings in Tropical Climates.   Journal of Surveying, Construction & 
Property, Vol. 2, Issue 1, pp. 93 – 106. 
Sumathi, S., Bhatia, S., Lee, K.T., et al. (2010). Adsorption isotherm models and 
properties of SO2 and NO removal by palm shell activated carbon supported 
with cerium (Ce/PSAC). Chemical Engineering Journal, Vol. 162,                 
pp. 194–200. 
Sumathi S., Bashir,M.J.K., Akbar,Z.A., and Mohamed,A.R. (2015). Biomass-based 
palm shell activated carbon and palm shell carbon molecular sieve as gas 
separation adsorbents. Waste Management and Research, Vol. 33, No. 4,             
pp. 303–312. 
Sumit Verma, P.A. and Ramakrishna. (2010). Activated charcoal – A novel burn rate 
enhancer of aluminized composite propellants. Combustion and Flame,      
Vol. 157, pp. 1202–1210. 
Sun, Y., Wang, P., Zhang, Q., Ma, H., Hou, J. and Kong, X. (2015). Indoor Air 
Pollution and Human Perception in Public Buildings in Tianjin, China. 
Procedia Engineering, Vol. 121, pp. 552 – 557. 
Syred, C., Gimba, Griffiths, A. J., Syred, N., Beedie, D., and James, D. (2006). A 
clean, efficient system for producing Charcoal, Heat and Power (CHaP). Fuel, 
Vol. 85, pp. 1566–1578 
Taiwo, A.M., Arowolo, T.A., Abdullahi, K.L. and Taiwo, O.T. (2015). Particulate 
Matter Pollution in Nigeria: A Review. Proceedings of the 14th International 
Conference on Environmental Science and Technology. 
Tan, I. A. W., Ahmad, A.I., and Hameed, B.H. (2008). Enhancement of basic dye 
adsorption uptake from aqueous solutions using chemically modified oil palm 
shell activated carbon. Colloids and Surfaces A: physiochem. Eng. Aspects. 
Vol. 318, pp. 88-96. 
 
 
PTTA
PERPU
STAKA
ANTU
N UT
UN AM
INAH
160 
 
Tan, Y. H., Davis, J. A., Fujikawa, K., Ganesh, N. V., Demchenko, A.V., and Stine, 
K.J. (2012). Surface area and pore size characteristics of nanoporous gold 
subjected to thermal, mechanical, or surface modification studied using gas 
adsorption isotherms, cyclic voltammetry, thermogravimetric analysis, and 
scanning electron microscopy. J Mater Chem, Vol. 222, No. 14,                         
pp. 6733-6745. 
Tang, S., Chen, Y., Xie, R., Jiang, W., and Jiang, Y. (2016). Preparation of activated 
carbon from corn cob and its adsorption behavior on Cr(VI) removal.         
Water Sci Technol, Vol. 73, No. 11, pp. 2654-2661 
Tippayawong, N., Saengow, N., Chaiya, E., and Srisang, N. (2010). Production of 
charcoal from woods and bamboo in a small natural draft carbonizer. 
International Journal of Energy and Environment (IJEE), Vol.1, Issue 5,      
pp. 911-918  
Townsend, C.L., and Maynard, R. L. (2002). Effects on health of prolonged exposure 
to low concentrations of carbon monoxide. Occupational and Environmental 
Medicine, Vol. 59, Issues 10. 
Trisasiwi, W., Soolany, C., and Perwira, F. S. (2010). Design of Drum Kiln for Making 
Charcoal for Household. 7th Biomass-Asia Workshop. Agency for the 
Assessment and Application of Technology. Center for Energy Resources 
Technology Development. BPPT Jakarta, 28-29 November, 2010. 
Vijayan, S.N., Makeshkumar,.M., and Sridhar, K. (2012). Physical and Chemical 
Analysis of Activated Carbon Prepared from Coconut Shell Charcoal and 
Usage-A Case Study. International Journal of Advanced Scientific Research 
And Technology, Vol. 3, Issues 2, pp. 168 – 175.             
Wan Nik, W.B., Rahman,M.M., Yusof,A.M., Ani,F.N., and Che Adnan, C.M.  (2006). 
Production of Activated Carbon from Palm Oil Shell Waste and Its 
Adsorption Characteristics. Proceedings of the 1st International Conference 
on Natural Resources Engineering and Technology, pp. 646-654. 
Walker, I.S., Dickerhoff, D. J., Faulkner, D., Turner, W. 2012. Energy Implications of 
In-Line Filtration in California. California Energy Commission. In Press. 
Wolkoff, P.(2013). Indoor air pollutants in office environments: Assessment of 
comfort, health and performance. International Journal of Hygiene and 
Environmental Health, Vol. 216, pp. 371– 394. 
PT
PERPU
STAKA
ANTU
NKUT
UNAM
INAH
161 
 
Xu, Z., Jiang, Y., and Zhou, G. (2015). Response and adaptation of photosynthesis, 
respiration, and antioxidant systems to elevated CO2 with environmental 
stress in plants. Front Plant Sci, Vol. 6, pp. 701. 
Yacob, A.R., Majid, Z.A., Dasril, R.S., and Inderan, V. (2008), Comparison of Various 
Sources of High Surface Area Carbon Prepared by Different Types of 
Activation, The Malaysian Journal of Analytical Sciences, Vol. 12, No. 1,                     
pp. 264 -271. 
Yakout, S. M., and Sharaf, E. G. (2016). Characterization of activated carbon prepared 
by phosphoric acid activation of olive stones. Arabian Journal of Chemistry, 
Vol. 9, Suppliment 2, pp.  S1155-S1162 
Yang, H. M., Zhang, D. H., Chen, Y., Ran, M. J., and Gu, J. C. (2017). Study on the 
application of KOH to produce activated carbon to realize the utilization of 
distiller’s grains. Earth Environ. Sci., Vol. 69.   
Yang, Y., Boom, R.,Brijan Irion, B., Heerden, D.J., Kuiper, P., and Hans de Wit. 
(2011). Recycling of composite materials. Chem. Eng. Process.  
Yagsi, N.U. (2004). Production and characterisation of activated carbon from Apricot 
Stones. Msc. Thesis Dissertation: Middle East Technical University (METU), 
Ankara, pp.19-105. 
Yeganeh, M.M., Kaghazchi T. and Soleimani M. (2006). Effect of Raw Materials on 
Activated Carbon, Chemical Engineering Technology, Vol. 29, pp.1-5. 
Yoo, J. Y., Park, C. J., Kim, K. Y., Son, Y., Kang, C., Wolfson, J. M., Jung, I., Lee, 
S., Koutrakis, P. (2015). Development of an activated carbon filter to remove 
NO2 and HONO in indoor air. Journal of Hazardous Materials, Vol. 289,              
pp. 184–189. 
Yu, C., Crump, D. (1998). A review of the emission of VOCs from polymeric materials 
used in buildings. Building and Environment, Vol. 33, pp. 357-374. 
Yu C.K.H., Li M., Chan V., and Lai A.C.K. (2014). Influence of Mechanical 
Ventilation System on Indoor Carbon Dioxide and Particulate Matter 
Concentration. Building and Environment, Vol. 76, pp. 73-80. 
Yu, B.F., Hu, Z.B., Liu, M., Yang, H.L., Kong, Q.X. and Liu, Y.H. (2009). Review of 
Research on Air-Conditioning Systems and Indoor Air Quality Control for 
Human Health. International journal of refrigeration 32, pp. 3-2.  
 
PTTA
PERU
STAKA
AN TU
NKU T
UN AM
INAH
162 
Yuliusman, Nasruddin, Afdhol, M. K., Amiliana, R. A., Hanafi, A., and 
Rachmanda, B. (2017). Preparation of Activated Carbon from Palm Shells 
using KOH and ZnCl2 as the Activating Agent. IOP Conference Series: 
Materials Science and Engineering, Vol. 180.  
Zakaria, S., Leman, A.M., Dafit Feriyanto, Nazri, A. A., Sunar, N.M., and Mohd 
Salleh, M. N. (2016). Burner Characteristics for Activated Carbon 
Production. MATEC Web of Conference, 87, 02018.  
Zhang, Y. (2004). Indoor Air Quality Engineering. CRC Press.  
Zeid, A. A. (2012). A Review: Fundamental aspects of silicate mesoporous materials. 
Materials, Vol. 5, pp. 2874-2902. 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
